The objective of this study was to try to depress serum testosterone (T) in bulls by prolonged treatment with a potent luteinizing hormone-releasing hormone (LHRH) agonist. Eight sexually mature bulls (325 to 475 kg) were assigned to treatment or control groups. Treatment consisted of 150 g*g nafarelin acetate 6-D-2-napthyl-alanine-LHRH (LHRH-A) injected im every 6 h for 15 d. Bovine serum albumin (BSA, .01%) in a cartier solution was injected at the same times in control bulls. Serial 1f-rain blood samples were collected via jugular cannula during the initial 36 h of treatment and during 6-h windows on d 4, 8 and 14. Bulls were slaughtered and pituitaries and testes collected on d 15. Serum luteinizing hormone (LH), follicle stimulating hormone (FSH) and T were elevated after initial injection of LHRH-A, but returned to basal concentrations by 12, 5 and 17 h, respectively. Prolonged LHRH-A treatment prevented pulsatile LH and T secretion compared with control bulls. Mean serum LH did not differ from that of controls on d 4, 8 and 14 of LHRH-A treatment, while serum T was elevated (P<.O1) during the same time periods. Oscillating patterns and mean concentrations of serum FSH were not different between control and LHRH-A-treated bulls. Fifteen days of LHRH-A treatment depressed pituitary LHRH receptor numbers (P<.05) and pituitary LH (P<.01) and FSH (P<.05) concentrations. Testieular LH receptor numbers were elevated (P<.O1), but testicular FSH receptor numbers were not altered. In conclusion, treatment of sexually mature bulls with LHRH-A for 15 d depressed pituitary function. Although mean serum LH and FSH were not altered, mean serum T was elevated, probably as a result of elevated tesdcular LH receptor numbers. Thus, the results are not consistent with the hypothesis that chronic LHRH agonist treatment depresses serum T in the bull.
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(T) in the rat , dog (Sandow et al., 1980) , baboon (Vickery and McRae, 1980) , sheep and man (Faure et al., 1982) . The reduction in serum T caused by repeated LHRH treatment may be the result of Leydig cell desensitization due to elevated serum LH (Belanger et al., 1980a) , depressed LH secretion caused by pituitary desensitization to LHRH (Sandow et al., 1978) , or direct inhibition ofT synthesis mediated by testicular LHRH receptors (Clayton et al., 1980) . In the rat, testicular LHRH receptors have been well documented (Bourne et al., 1980; Lefebvre et al., 1980) and appear to be an important factor in LHRHinduced depression of serum T. In man, however, LHRH-induced depression of serum T is most likely the result of depressed pituitary LH secretion because recent findings suggest a lack of specific testicular LHRH receptors (Clayton and Huhtaniemi, 1982) .
In the bull, LHRH has been shown to elevate serum luteinizing hormones (LH), follicle J. Anita. Sci. 1986. 62:199-207 stimulating hormone (FSH) and T concentrations (Schanbacher and Echternkamp, 1978; Schanbacher, 1979) . However, repeated LHRH administration may induce pituitary desensitization to LHRH (Mongkonpunya et al., 1975; Haynes et al., 1977) and inhibit pulsatile T secretion (Haynes et al., 1977) . Testosterone has been shown to decrease carcass quality in feedlot bulls (Martin et al., 1971; Gortsema et al., 1977) . Accordingly, a method of decreasing serum T 1 to 2 mo before slaughter would improve bull carcass quality.
Therefore, the objective of this study was to decrease serum T in sexually mature bulls by chronic treatment with a potent LHRH agonist, nafarelin acetate (6-D-2-napthyl-alanine-LHRH; Nestor et al., 1982) . Because the bovine species appears to lack gonadal LHRH receptors as shown in the cow and bulls (B. E. Melson and J. J. Reeves, unpublished data), we hypothesized that continuous treatment of bulls with nafarelin acetate would cause pituitary desensitization to LHRH activity. As a result, a significant reduction in pituitary LH secretion would occur, causing a depression in testicular T secretion.
Met~ials and Methods
Treatment. Eight sexually mature, 15-too-old beef bulls (325 to 475 kg) were paired according to weight and assigned to treatment or control groups. Treatment consisted of 150 /ag nafarelin acetate (LHRH-A) injected im every 6 h for 15 d. Bovine serum albumin (BSA, .01%) in a carrier solution was injected at the same times in control bulls.
Serum and Tissue Collection. Bulls were catheterized with 16-gauge polyvinyl tubing inserted into the jugular vein 12 h before blood collection. Serial 15-rain blood samples were collected starting in the morning during the first 36 h of treatment and during 6-h windows on d 4, 8 and 14. All 15-rain blood samples were allowed to clot at 4C for 12 to 18 h and then centrifuged. Serum was collected and stored at -20 C for subsequent determination of LH and FSH concentrations. Separate hourly blood samples also were collected, allowed to clot at 4 C for 18 to 24 h, centrifuged and the serum stored as above for subsequent determination of T content. Animals were slaughtered on the morning of d 15, 2 to 4 h after the last injection. Pituitaries were immediately collected on ice and weighed, minced and homogenized for pituitary LHRH receptor analysis. Supernatants of homogenized pituitaries were collected and stored at -80 C for subsequent determination of LH and FSH 9 content. Epididymidcs were collected and epididymal sperm analyzed for motility, intact acrosomes and morphology. Testes were collected on ice, weighed, horizontally sectioned into slices 2 cm thick and stored at --80 C for subsequent analysis of LH and FSH receptors. Prostate, vesicular and bulbo-urethral glands were dissected and weighed.
Radioimmunoassays. Serum samples and pituitary supernatants were assayed for LH (Golter et al., 1973) and FSH (Acosta et al., 1983) by double-antibody radioimmunoassays using NIH-LH-B6 and GKT-FSH-81 (equivalent to .35 x NIH-FSH-B1) as hormone standards, respectively. The intra-assay coefficient of variation was 3.6% for LH and 8.1% for FSH. The interassay coefficient of variation was 18.9% for LH and 20% for FSH.
Serum T was determined using a doubleantibody radioimmunoassay with 12sI-testosterone-7~-butyrate-tyrosine methyl ester as the labeled ligand (Belanger et al., 1980b) . Three milliliters of anhydrous ether was used to extract 750 /al of serum sample. Extraction efficiency was determined to be 90%. The intra-assay and interassay coefficients of variation were 4.2 and 20.8%, respectively.
Receptor
Assays. Anterior pituitary LHRH receptors were assayed using [D-Ser(TBU) 6 des-Gly-NH210 LHRH-EA (buserelin)], labeled with 12si and separated from free 12si and unlabeled hormone by high performance liquid chromatography . Saturation curves were performed by incubating fixed amounts of pituitary homogenate (10 mg original pituitary wet weight) with increasing amounts (10 to 1,400 pg) of labeled hormone with or without saturating amounts (1 /ag) of cold hormone [D-ser(TBU) 6 des-Gly-NH2 I~ After incubation, 3 ml rinse buffer was added to the reaction mixture, incubates were centrifuged at 2,500 • g for 30 rain and the tissue pellets were counted for radioactivity. Specific activity of the labeled hormone was estimated to be 300 #Ci//ag by saturation and displacement analysis using a pool of homogenized rat pituitary tissue. Bull pituitary LHRH receptor numbers and K d values were determined by Scatchard analysis of individual saturation curve assays. Protein concentrations in the pituitary homogenates were determined according to Lowry et al. (1951) .
Human chorionic gonadotropin (hCG; NIAMDD CRII9) was labeled with 12Sl and separated from free 12si on a Sephadex G-75 column (Cusan et al., 1979) . Approximately 20 g of frozen testis from each bull was weighed, minced and homogenized in 4 C sucrose buffer (.25 M sucrose, .01 M Tris, 5 mM MgC12, .1% NAN3, .1% BSA; pH 7.4) using a Brinkmann Instruments Polytron homogenizer at threefourths speed for 10 s. The homogenate was filtered through four layers of cheesecloth, homogenized further using 10 strokes of a Dounce homogenizer and centrifuged at 1,000 x g for 20 rain. The supernatant was recovered and centrifuged at 30,000 x g for 30 rain. The resulting tissue pellet was washed in assay buffer at 4 C without sucrose (.01 M Tris, 5 mM MgC12, .1% NaNs, .1% BSA; pH 7.6) and centrifuged at 30,000 • g for 30 rain. The final membrane-enriched pellet was weighed and suspended in assay buffer at 20 C to a concentration of 10 mg tissue pellet/100/al buffer. Saturation curves were performed by incubating fixed amounts of homogenate (100 ttl) with increasing amounts (.1 to 17 ng) of labeled hormone with or without saturating amounts (2 /ag) of cold hormone (hCG; Sigma 2950 IU/mg) in a total volume of 500 gl for 18 h at 20 C. Following incubation, 3 ml rinse buffer was added to the reaction mixture, incubates centrifuged at 2,500 • g for 30 min and the tissue pellets counted for radioactivity. Specific activity of the labeled hormone was estimated to be 30/aCi//ag by ssturation and displacement curve analysis using bull testis homogenate. Testicular LH receptor numbers (fmol/mg protein) and K d values were determined from Scatchard analysis of individual saturation curve assays.
Procedures described for the analysis of testicular LH receptors were used for the analysis of testicular FSH receptors. Iodinated hFSH (Cusan et al., 1979 ; NIAMDD-28441 B; specific activity = 3 /aCi//ag) was used as the labeled ligand. Saturation curves were performed by incubating fixed amounts of membraneenriched tissue homogenate (3 mg tissue pellet/100 /al assay buffer) with increasing amounts (1 to 140 ng) of labeled hormone with or without saturating amounts (35/ag) of cold hormone (GKT-FSH-B1).
Epididymal Sperm Analysis. One epididymis from each bull was sectioned into the caput, corpus and cauda epididymis. Spermatozoa were isolated by mincing epididymal tissue with a scalpel in 35 C sodium citrate buffer (.14 M, pH 6.9). The suspensions were filtered through three layers of cheesecloth and samples maintained at 35 C using a Tecam dry block heater. Percentage motility was estimated using phase contrast microscopy (lO0x). Percentage intact acrosomes (PIA) and sperm morphology were determined using differential interference microscopy (960• Hormone Pattern Analysis. Basal serum hormone levels were determined by an iterative process in which high values were excluded until the mean plus 3 SD of these observations fell below all other values. Serum hormone pulses were defined as an elevation of hormone concentrations 3 SD above mean basal levels for a duration of at least 30 rain. Because oscillations of serum FSH could not be accurately defined according to methods used in this study nor by the methods of Goodman and Karsch (1980) or Acosta et al. (1983) , a panel of three individuals defined the peaks of serum FSH oscillations. Nadir serum FSH values were defined as individual low points between FSH peaks. All serum FSH peaks and nadirs coincided in time with those following cubic spline transformation of the data points.
Statistical Analysis. All statistical analyses were performed using Student's t-test with appropriate modifications made for unequal variance (Steele and Torrie, 1980) . Serum hormone concentrations were compared over each inclusive sampling period. One control bull was mistakenly injected with LHRH-A during the last bleeding period. As a result, data collected on this bull after d 8 were excluded.
Results
Serum Hormone Analysis. The concentrations and patterns of serum LH and T from one representative LHRH-A-treated and control bull are shown in figure 1. Concentrations and patterns of serum FSH from the same representative bull are shown in figure 2.
Serum LH patterns in control bulls were characterized by basal concentrations of .7-+ .1 ng/ml interspersed with pulses of 6.2 -+ 1.1 ng/ml occurring once every 8.8 -+ 1.5 h. Serum T patterns followed those of LH. Basal serum T concentrations of .8 -+. 1 ng/ml were interspersed with pulses of 11.3 -+ .7 ng/ml occurring once every 9.1 + 1.3 h. Pulses of serum T usually returned to basal concentrations before subsequent serum LH pulses (figure 1). Patterns of serum FSH differed from those of serum LH and T. Mean serum FSH concentrations of 93 + 14 ng/ml oscillated from 72 -+ 17 ng/ml nadirs to 112 + 17 ng/ml peaks once every 2.7 -+ .1 h (figure 2). The initial LHRH-A injection caused a dramatic rise in serum LH, which reached a peak of 82 +-4 ng/ml in 2.4 + .3 h. Luteinizing hormone remained elevated for 11.2 + 1.1 h before returning to a basal concentration of 1.4 -+ .3 ng/ml. Luteinizing hormone remained at a basal concentration for the remainder of the experiment with no further elevations in response to subsequent LHRH-A injections (figure 1). Serum T followed the initial rise in serum LH, attaining a peak of 19 + 4 ng/ml in 2.5 +-.5 h. After declining to a nadir of 1.3 -+ .6 ng/ml by 16.8 + .6 h, serum T rose again and remained elevated for the duration of the experiment (figure 1). Mean serum LH in LHRH-A-treated bulls during the first 36 h of treatment was greater (P<.01) than that of control bulls, but returned to a mean concentration equal to control levels on d 4, 8 and 14 (figure 3). Mean serum T was not elevated during the initial 36 h of treatment but was elevated (P<.01) on d 4, 8 and 14 (figure 3). Serum FSH increased after the initial injection of LHRH-A, reaching a peak of 360 +-107 ng/ml in 2.2 + .2 h (figure 2). Follicle stimulating hormone remained elevated for a total of 4.4 -+ .8 h before returning to a basal concentration of 99 +-10 ng/ml. Basal FSH concentrations oscillated from 77 +-12 ng/ml nadir to 108 -+ 10 ng/ml peak once every 2.6 +-.1 h. Serum FSH was not elevated in response to subsequent injections of LHRH-A. Mean serum FSH did not differ from that of controls during all sample periods ( 
Discussion
The patterns and concentrations of serum LH and T in control bulls were similar to those of previous studies Schanbacher and Echternkamp, 1978) , as were testicular LH (Sundby et al., 1982) and FSH (Dias and receptor numbers and Kd values. However, serum FSH did not exhibit a well-defined pulsatile secretory pattern . Rather, serum FSH appeared to oscillate at a higher frequency and lower magnitude compared with pulses of LH secretion. Similar patterns of pulsatile LH and oscillatory FSH secretion have been noted in the ram (Lincoln, 1978; Lincoln and Fraser, 1979) . Although initial LHRH-A treatment increased serum LH and FSH concentrations, the relative magnitude and duration of the FSH surge were less than those of LH. Additionally, while prolonged LHRH-A treatment prevented pulsatile LH secretion, oscillating patterns of serum FSH were not altered. Therefore, while the initial LHRH-A injection was capable of stimulating LH and FSH surges, this study suggests that pulsatile release of LH and FSH may be regulated differently.
As expected, pituitary function was depressed after prolonged LHRH-A treatment. Increases in serum LH and FSH failed to occur in response to LHRH-A treatment beyond the initial injection period. Indeed, serum LH patterns resembled those during LHRH infusion (Chakraborty et at., 1974) , suggesting that the pituitary was constantly stimulated by LHRH- Elevated serum T in response to acute LHRH treatment has been observed in the bull (Schanbacher and Echternkamp, 1978; Schanbacher, 1979) . However, elevated serum T and testicular LH receptor numbers as a result of prolonged, pharmacological LHRH treatment have not been demonstrated in the bull or in other species.
The cause of enhanced testicular function in LHRH-A-treated bulls is unclear. Follicle stimulating hormone (Chen et al., 1976; Van Beurden et al., 1976) and prolactin (Bohnet and Friesen, 1976; Hafiez et al., 1972) have been shown to increase serum T and testicular LH receptor numbers in rodents. However, serum FSH was unaltered in treatment bulls beyond the initial hours of LHRH-A administration. In addition, previous studies suggest that prolactin does not influence T levels in mature bulls (Smith et al., 1973; Swanson et al., 1971) . Rather, LH may be an important factor regulating testicular LH receptor numbers and T synthesis and secretion. Sundby and co-workers (Sundby and Farahat, 1978; Sundby and Torgesen, 1978) injected mature bulls with 6,000 IU hCG and observed a prolonged secondary elevation in serum T in spite of low circulating hCG levels. This prolonged elevation in serum T was thought to be the result of enhanced T synthesis. The present study suggests a fourfold increase in total testicular LH receptor numbers and a doubling of basal LH concentration may be responsible for the elevation in circulating T levels. While cause of elevated LH receptor numbers is not known, receptor autoregulation may have been an influential factor. Low doses of LH or bCG administered to rats reduce testicular LH receptor numbers (Tsuruhara et al., 1977) . If physiological pulses of serum LH down-regulate LH receptors in the bull, the absence of pulsatile LH secretion after prolonged LHRH-A treatment may result in an elevation of LH receptor numbers. In the presence of unaltered mean serum LH, elevated LH receptor numbers may have enhanced T secretion, causing the increase in mean serum T.
In conclusion, treatment of sexually mature bulls with 150/ag LHRH-A injected im every 6 h for 15 d caused a significant depression of pituitary function as reflected by decreased pituitary LHRH receptor numbers and pituitary LFI and FSH concentrations. Concurrent with the pituitary desensitization was an increase in testicular function as evidenced by elevated serum T levels in spite of unaltered mean serum LH and FSH. The cause of elevated serum T is not clear, but is likely due to either an elevation of testicular LH receptor numbers or increased basal LH concentration or a combination of both these factors.
